This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(19) 



J 



Europaisches Patentamt 

European Pat ht Offic 

Off ic europ n d s brevets 



(11) 



EP 1 108 391 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) IntCI. 7 : A61B 5/085 




20.06.2001 Bulletin 2001/25 


(21) 


Application number: 00710030.8 




(22) 


Date of filing: 03.11.2000 




(84) 


Designated Contracting States: 


(71) Applicant: Siemens-Elema AB 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


171 95Solna1 (SE) 




MC NL PT SE TR 






Designated Extension States: 


(72) Inventor: Strom, Christer 




AL LT LV MK RO SI 


941 66 Prteaa (SE) 


(30) 


Priority: 17.12.1999 SE 9904643 





(54) Method for assessing pulmonary stress and a breathing apparatus 



(57) A method for assessing pulmonary stress, 
wherein a flow of respiratory gas is supplied to the lungs 
of a subject, an ensuing pressure is measured in relation 
to time and the pressure-time (P-t) relationship is ana- 
lysed is disclosed. The method is characterised in that 
the analysis comprises the method step of determining 



the profile of the pressure-time (P-t) relationship. In 
short, the profile is straight (2A) when no stress is 
present, convex (2B) when there is a risk for overdisten- 
sion and concave (2C) when alveolar units are opened 
up. Implemented in a breathing apparatus the method 
can be used to assist an operator in diagnostic and ther- 
apeutic considerations in relation to a patient. 
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Description 

[0001] Method for assessing pulmonary stress and a 
breathing apparatus 

[0002] The present invention relates to a method tor 
determining pulmonary stress according to the pream- 
ble of claim 1 . 

[0003] The present invention also relates to a breath- 
ing apparatus according to the preamble of claim 5. 
[0004] The present invention further also relates to a 
breathing apparatus according to the preamble of claim 
11. 

[0005] In US 4 351 344 a method and apparatus for 
monitoring lung compliance is disclosed. A constant 
flow of gas is supplied during inspiration and a pressure 
versus time relationship is recorded. The pressure-time 
relationship is analysed with respect to linearity. More 
specifically, the temporal length of a linear slope seg- 
ment in the pressure-time relationship is determined. 
The temporal length can be compared with limits and 
an indication of the compliance status for the patient can 
be made based on the comparison. 
[0006] The information thus obtained is, however, in- 
sufficient and inconclusive for being properly used in de- 
terminations of the status of the lung and as a tool for 
improving treatment of a lung. 

[0007] Mechanical ventilation is used as a life saving 
treatment in many circumstances. But it can also aggra- 
vate pre-existing disease and even induce lung injury if 
the dynamics and physiology of mechanical breath de- 
livery is not considered. The lung has an inherent ten- 
dency to collapse. During normal breathing this tenden- 
cy is counteracted by the chest wall and a natural sul> 

stance-ealled-surfaetant- - 

[0008] In disease the collapsing tendency becomes 
more pronounced, giving rise to areas (alveolar units) 
collapsing early during exhalation/expiration and open- 
ing late during inhalation/-inspiration. This cyclic open- 
ing and closing of airways may initiate lung injury man- 
ifest as gross air leaks, diffuse alveolar damage, pulmo- 
nary edema and pulmonary inflammation, all of which 
have been termed Ventilator Induced Lung Injury (VILI). 
The cyclical opening and closing of alveolar units can 
be counteracted by the administration of a correctly set 
Positive End Expiratory Pressure (PEEP). 
[0009] A second postulated mechanism for VILI is the 
delivery of large tidal volumes (which can cause vo- 
lutrauma) or high end inspiratory airway pressure (which 
can cause barotrauma). Both may over-stretch lung tis- 
sues, leading to fluid accumulation, inflammation and in- 
creased stiffness of the lung. Baro-/volutrauma can be 
avoided by setting a proper tidal volume or peak pres- 
sure. 

[001 0] If the ventilator settings are not optimised, the 
period before VILI is manifest can be considered as a 
period of increased stress. Hence, a determination of 
the degree of lung stress that may follow from a specific 
ventilator setting can be considered as a pulmonary 



stress index (PSI). 

[0011] It is an object of the invention to provide a 
method for assessing the pulmonary stress induced by 
the ventilatory settings for any particular patient. In par- 
5 ticular pulmonary stress index, PSI. PSI can be an im- 
portant tool in the course of diagnosing the condition of 
a lung and also for determining a proper treatment caus- 
ing a minimum of harm to a subject. 
[0012] It is another object of the invention to provide 
10 a breathing apparatus that can perform assessments of 
pulmonary stress and PSI. 

[001 3] It is a further object of the invention to provide 
a breathing apparatus that can be used for obtaining a 
more beneficial treatment of subjects with a minimum of 
15 VILI. 

[0014] A method that achieves the object is obtained 
in that the method according to the preamble includes 
the step stated in the characterising part to claim 1 . 
[0015] Advantageous improvements of the method 
20 are disclosed in the dependent claims to claim 1 . 

[0016] The method includes obtaining a pressure- 
time relationship based on a gas flow supplied to the 
lungs of a subject. By analysing the profile of the rela- 
tionship, important information can be extracted, in par- 
25 ticular by determining convexity or concavity of the pro- 
file provides relevant information. 
[0017] One advantageous analysis is obtained by 
adopting the profile to a power equation, e.g in the form 
of p ao=a *tb+c, where P ao is pressure, t is time and a, b 
30 and care constants. Determination of constant b is par- 
ticularly interesting since b is a determinant of the shape 
of the profile. If b equals 1 , the profile consists of a 
straight line, if b is less than 1 the profile iscoi^aveand 

if b -is-higherthan-1-the-prof ile-isxonvex. 

35 [0018] Convex profiles have been found to corre- 
spond to risks of progressive overdistension of lungs 
(decreasing compliance) and concave profiles have 
been found to correspond to risks associated with cyclic 
closing and opening of alveolar units (increasing com- 
40 pliance). Profiles can also be sigmoidal, i.e include both 
concave and convex portions. 

[0019] Analysis can be performed on pressure-time 
relationship on a breath-by-breath basis or on averaged 
values over a plurality of breaths. 
45 [0020] Another advantageous analysis is obtained by 
adopting the profile to a polynomial equation, e.g in the 
form of P ao =a+in+rt 2 , wnere P ao is Pressure, t is time 
and a, p and y are constants. Determination of constant 
y is particularly interesting since y is a determinant of the 
so shape of the profile. If y equals 0, the profile consists of 
a straight line, if y is less than 0 the profile is concave 
and if y is higher than 0 the profile is convex. 
[0021] A breathing apparatus that achieves the ob- 
jects is obtained in that the apparatus according to the 
55 preamble is made according to the characterising part 
to claim 7. 

[0022] Advantageous improvements and embodi- 
ments are evident from the dependent claims to claim 7. 
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[0023] Basically, the apparatus comprises a gas reg- 
ulator for regulating respiratory gas flows, a pressure 
gauge for (directly or indirectly) measuring a pressure, 
preferably the airway pressure and a control unit for con- 
trolling the gas regulator to at least supply a constant 5 
flow of a respiratory gas during inspiration phases while 
measuring pressure in relation to time. The control unit 
is further adapted to perform the methods described 
above. 

[0024] In one preferred embodiment, the control unit 
is adapted to compare the constant b with an interval, 
preferably with a lower limit between 0,5 and 0,95 and 
an upper limit between 1 ,05 and 1 ,5. As long as the con- 
stant b falls within the interval, there is no pulmonary 
stress. If the constant b falls outside the interval there 
is pulmonary stress. The value of the constant b thus 
provides both an indication of the presence of pulmo- 
nary stress and the magnitude of it. The constant b can 
therefore be used as a value for pulmonary stress index, 
PSI. 

[0025] Similar results are obtained when the constant 
y is used. 

[0026] In another preferred embodiment, the appara- 
tus comprises a display unit and an alarm unit. The con- 
trol unit is further adapted to perform at least one out of 
a plurality of actions depending on e.g. the value of the 
constant b or y (pulmonary stress index). It can generate 
an alarm when the stress index is too high or too low, 
indicating that a possibly injurious therapy is being de- 
livered to a subject. It can display the stress index, as 
well as the P-t relationship, on the display unit. It can 
calculate suitable changes in control parameters for re- 
ducing pulmonary stress and display these as options 
f oT"a n~6perato r o n " th e~d i splayun itrircW^tbmaticaliy" 
reset the control parameters in accordance with calcu- 
lations of suitable changes in the control parameters. It 
can determine if recruiting manoeuvres should be pro- 
vided. Hence, recommend/automatically perform re- 
cruiting manoeuvres, etc. 

[0027] The apparatus according to the invention can 
advantageously be used for automatic re-setting of 
PEEP, tidal volume, airway pressure, l:E ratio or other 
ventilator-controlled parameters. 
[0028] A breathing apparatus that achieves the ob- 
jects is also obtained in that the apparatus according to 
the preamble is made according to the characterising 
part to claim 13. 

[0029] Advantageous improvements and embodi- 
ments are evident from the dependent claims to claim 
13. 

[0030] Basically, the breathing apparatus comprises 
at least a first gas regulator and a second gas regulator 
for regulating a respiratory gas flow, at least one pres- 
sure gauge and a control unit for controlling the gas reg- 
ulator based on set control parameters and for estab- 
lishing a pressure-time (P-t) relationship. 
[0031 ] To achieve a proper treatment, with a minimum 
of stress to the lungs, the control unit is adapted to per- 



form a series of actions, corresponding to phases. 
[0032] During the first phase, the control unit controls 
the first gas regulator and second gas regulator to pro- 
vide respiration cycles having an initial tidal volume, an 
initial respiratory rate, an initial inspiratory time in rela- 
tion to total respiration cycle time, a constant inspiratory 
gas flow, an initial oxygen fraction and an initial PEEP 
value. All the initial values can be predefined within the 
control unit, calculated by the control unit based on pa- 
tient information, e.g. weight, diagnosis, etc., or entered 
via an operator interface by an operator. 
[0033] During the second phase, the control unit con- 
trols the first gas regulator and second gas regulator to 
provide a progressive increase of the initial PEEP value 
and to determine the stress index. The stress index (e. 
g. constant b or y) is compared with a predefined interval 
and when the stress index falls within the predefined in- 
terval, the control unit can proceed to the next phase. 
[0034] During the third phase, the control unit controls 
the first gas regulator and second gas regulator to pro- 
vide at least one recruiting manoeuvre having a specific 
inflation pressure and inflation time. The inflation pres- 
sure could be up to levels of 30 - 40 cmH 2 0 or even 
higher if necessary. The stress index is determined and 
compared with the predefined interval. If the stress in- 
dex falls below the predefined interval, the control unit 
controls the apparatus to provide a further progressive 
increase of the PEEP value and repeat the recruiting 
manoeuvre(s). This is continued, until the stress index 
exceeds the predefined interval. Thereafter, the. next 
phase can be commenced. 

[0035] During the fourth phase, the control unit con- 
tinues to determine the stress index and compare it with 
"th"e~pfedef i ne^interval 7At tlie^am"e~time^itlc^ntrols the" 
first gas regulator and the second gas regulator to pro- 
vide a progressive decrease in the PEEP value. This is 
continued until the stress index falls within the prede- 
fined interval. 

[0036] The result of all these phases is that a non- 
stress setting for the apparatus is achieved. Through the 
operator interface, an operator can repeat the entire se- 
quence or specific phases. It can also be beneficial if 
the onset of some phases requires initialisation from the 
operator, whereby the control unit can be adapted to dis- 
play requests for proceeding on the operator interface. 
[0037] In the following embodiments of the invention 
will be disclosed in greater detail together with the draw- 
ings. 

[0038] FIG. 1 shows in a pressure-time diagram three 
different types of respiration profiles, and 
FIG. 2 shows a preferred embodiment of a breathing ap- 
paratus according to the invention. 
[0039] FIG. 1 shows three different respiratory cycles 
in a pressure-time diagram P-t. The cycles have been 
obtained by measuring the pressure during constant 
flow inspiration, pause and expiration. Th first cycle 
has a profile 2A during inspiration that is essentially 
straight, the second cycle has a profile 2B during inspi- 
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ration that is convex and the third cycle has a profile 2C 
during inspiration that is concave. 
[0040] Similar curves could be obtained by determin- 
ing actual lung pressure during supply of gas with a con- 
stant pressure. Determination of actual lung pressure 
can be made by measuring pressure within the lungs (e. 
g. at or near carina) or by calculating the pressure within 
the lungs with known methods. 
[0041 J The present invention is thus applicable for all 
situations where gas is supplied to a subject. 
[0042] According to the method of the present inven- 
tion, helpful information can be obtained from the pro- 
files 2A-C. In particular, the convexity or concavity of the 
profile will provide essential information. 
[0043] One way of analysing the profiles 2A-C is to 
adopt each profile to a power equation, e.g. P ao =a*t b +c. 
P ao represents airway pressure or P^, but need not nec- 
essarily be measured at the airway opening. Pressure 
can be measured elsewhere and the airway pressure 
can be estimated from the measured pressure, t repre- 
sents time and a, b and c are constants (for any specific 
profile). In particular constant b is here of interest, since 
it is a determinant for the shape of the profile. If b=1 , the 
profile is straight, as in profile 2A, if b>1, the profile is 
convex, as in profile 2B and if b<1 , the profile is concave, 
as in profile 2C. 

[0044] It is of course possible to apply other mathe- 
matical algorithms for determining the profiles. One ob- 
vious alternative is to apply a polynomial function, e.g. 
P ao =a+p*t+y+t 2 . In this case, the constant y is the most 
interesting, since it determines whether the profile is 
convex, concave or straight. Higher orders of polynomi- 
al functions can also be used. 

[0045] — Other tools-are-also-possible-to-use~Forin~ 
stance, a straight line can be applied between the first 
and last co-ordinates of the P-t relationship. If the profile 
is convex (or essentially convex), most or all co-ordi- 
nates will lie below the straight line. If the profile is con- 
cave (or essentially concave), most or all co-ordinates 
will lie above the straight line. A weighting of measured 
data thus provides the result. Profiles having a sigmoidal 
shape can be stepwise analysed and provide indication 
on presence of both convex and concave parts (several 
values for b). An essentially straight profile will have its 
co-ordinates fairly evenly distributed on both sides of the 
straight line. 

[0046] It may here be noted that when a constant flow 
of gas is supplied to the subject a pressure- volume re- 
lationship will provide the same information as the P-t 
relationship and may therefore be used instead. (Or, to 
put in another way, the pressure-volume relationship is 
really a pressure-time relationship since the volume V 
is equal to the constant flow <J> multiplied with time t; 
V=0*t.) It does not matter whether pressure is used on 
the y-axis or x-axis (with time or time-related variable on 
the other), when illustrated in a diagram. 
[0047] The profiles can also be analysed by using ar- 
tificial neural networks (ANN), pattern recognition sys- 



tems, etc. 

[0048] Returning now to the analysis described 
above, with b-vaiues indicating one of the three profiles 
2A-C. 

5 [0049] The convex profile 2B is an indication of a de- 
crease in compliance with increasing tidal volumes. 
Such decrease is correlated to progressive overdisten- 
sion. This basically means that the physical limit for ex- 
pansion of the ventilated alveolar units has been 
10 reached. Treatment at this level may not only cause 
physical injury to lung tissue, but may also have detri- 
mental effects on blood circulation through the lungs. 
[0050] The concave profile 2C is an indication of an 
increase in compliance with increasing tidal volumes. 
Such increase is correlated to the opening up of alveolar 
units within the lungs. If a treatment were to display this 
kind of profile breath after breath (or as an average over 
a plurality of breaths), it is a sign of cyclic closing and 
opening of alveolar units. Such treatment is not ideal 
and may be injurious to the lungs. 
[0051] In other words is it beneficial to the patient to 
arrive at a treatment where the straight profile 2 A pre- 
dominates. This means situations where constant b=1 . 
[0052] Based on this, the constant b can be used an 
indication of the pulmonary stress. With b as a pulmo- 
nary stress index (PSI) : the value of the stress index can 
be used to inform an operator of pulmonary stress. 
Since there are always variations in the real world, a nor- 
mal or minimal stress index can be allowed to vary within 
a predefined interval. The interval could e.g. be 0,9 - 1 ,1 . 
The interval can be set by an operator before starting a 
treatment. 

[0053] Referring now to FIG. 2 which shows a breath- 
ing-apparatus according ^ 

apparatus is generally indicated with numeral 4. The ap- 
paratus 4 can be connected to a subject, or patient 6. 
Essentially any animal with lung-dependent respiration 
can be contemplated as patient. 
[0054] Gases can enter the apparatus 4 via a first gas 
inlet 8A and a second gas inlet 8B. The gases are then 
mixed into a selected respiratory gas in a first gas reg- 
ulator 10. One gas inlet would be sufficient if the respi- 
ratory gas was mixed outside the apparatus 4. More gas 
inlets can be used where the respiratory gas is to consist 
of more than two gases. In this embodiment air and ox- 
ygen are used as gases. 

[0055] The gas regulator 10 also regulates pressure 
and flow of the respiratory gas. The gas regulator 10 
normally includes one or more valves for regulating 
down high-pressure gases, but in portable breathing ap- 
paratuses the regulator could also consist of a fan, com- 
pressor or similar device for generating a gas flow. 
[0056] After the gas regulator 1 0, the respiratory gas 
passes a first pressure gauge 12 and a first flow meter 
1 4. It then passes through an inspiration line 1 6 to a pa- 
tient line 18 and into the patient 6. 
[0057] From the patient 6 the respiratory gas will flow 
back through the patient line 18, into an expiration line 
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20 and via a second flow meter 22, a second pressure 
gauge 24 and a second gas regulator 26 to a respiratory 
gas outlet 28. The second gas regulator 26 is normally 
used to control respiratory gas flow during expiration for 
upholding a set end pressure (Positive End Expiratory 
Pressure - PEEP). 

[0058] The pressure gauges 12, 24 and flow meters 
14, 22 need not be located as shown. They can, for in- 
stance, be built in within the gas regulators 1 0, 26. They 
can also be located elsewhere in the gas flow paths of 
the apparatus (such as inspiration line 1 6 and/or patient 
line 18 and/or expiration line 20). In particular is it pos- 
sible to locate a pressure gauge within the patient 6 to 
measure lung or airway pressure. However, based on 
measurements from pressure gauges 12 : 24 and flow 
meters 14, 22 as shown, corresponding values of e.g. 
airway pressure can be calculated in known manner. 
[0059] The operation of the first gas regulator 1 0 and 
the second gas regulator 26 is controlled by a control 
unit 30. The control unit 30 also receives information 
from the pressure gauges 12, 24 and flow meters 14, 
22. Based on the measured information the control unit 
30 can, inter alia, determine the above disclosed stress 
index. The control unit 30 can comprise of any combi- 
nation of known control components. It could for in- 
stance be micro processor based system including one 
or several processors and memories. Software pro- 
gramming could be used for carrying out the functions. 
It could also comprise, or include, hardwire components 
such as EPROM or similar. Other functions and tasks 
that the control unit 30 can perform are discussed below. 
[0060] Via an operator interface 32 an operator of the 
apparatus 4 can communicate with, mainly, the control 
-unit-30"via~a-firsfcommunication"link"347~A~display36~ 
can show programmed parameters, selectable func- 
tions and parameters as well as diagrams, suggested 
parameter, parameter waves, stress index and any con- 
ceivable information. The display 36 can consist of a 
CRT-screen, flat screen with or without touch sensitivity, 
plasma screen or any suitable screen for displaying im- 
ages. The display 36 need not be integrated with the 
operator interface 32 and several displays can be used 
for one apparatus 4. 

[0061] Additional equipment (e.g. further displays, 
PC, Intranet link to databases or remote monitoring sta- 
tions, Internet link, etc.) is generally indicated with des- 
ignation numeral 38 and can be connected to the appa- 
ratus 4 for communication. It can be connected to the 
control unit 30 via a second communication link 40 and/ 
or to the operator interface 32 via a third communication 
link 42. 

[0062] One example of how the apparatus 4 can be 
used for a patient 6 will now be described. 
[0063] Suppose that a patient 6 having partially or 
completely collapsed lungs is connected to the appara- 
tus 4. Although keeping the patient 6 alive is the primary 
goal, it should be done with minimum risk of causing fur- 
ther damage to the lungs. The control unit 30 is therefore 



programmed/constructed to perform a number of ac- 
tions. These actions can be divided into phases, which 
can be carried out automatically or after initiative of an 
operator. 

5 [0064] The first phase consist essentially of life main- 
taining measures. The control unit 30 controls the first 
gas regulator 1 0 and second gas regulator 26 to provide 
respiration cycles having an initial tidal volume, an initial 
respiratory rate, an initial inspiratory time in relation the 

10 respiration cycle time, an initial oxygen fraction (Fi0 2 ) 
and an initial PEEP value. 

[0065] The initial values can be pre-programmed into 
the control unit 30, but are preferably either entered by 
the operator via the operator interface 32 or calculated 
is by the control unit 30 based on patient data such as age, 
weight, diagnosis, or other available information regard- 
ing the status of the patient. R0 2 could e.g. initially be 
set to 100%. 

[0066] During the respiration cycles the control unit 

20 30 also determines the stress index on a regular basis 
and compares the stress index with the predefined in- 
terval mentioned above. The interval can have a lower 
limit of ca. 0,6 - 0,95 and an upper limit of ca. 1 ,05 - 1 ,4, 
or any other interval reasonable in view of the patient's 

25 6 initial condition. In the current example with a patient 
6 with collapsed lungs, the stress index will most likely 
fall below the predefined interval. 
[0067] The second phase is basically meant to start 
to open up the lungs. The control unit 30 will then pro- 

30 ceed by (mainly) controlling the second gas regulator 
26 to achieve a progressive increase in PEEP. The in- 
crease will continue until the stress index exceeds the 
lower limit, i.e. falls within the predefined interval. The 
increments by which PEEP is increas^d'cWbe pre-pro- 

35 grammed, calculated by the control unit 30 or entered 
by the operator. 

[0068] In the third phase proper opening up of the 
lungs is the aim. To do this one or more recruiting ma- 
noeuvres are performed by the apparatus 4. A recruiting 

40 manoeuvre essentially consists of a prolonged inspira- 
tion (or rather inflation) at an elevated pressure in rela- 
tion to the initial settings. The inspiration can last up to 
about a minute and the pressure can be up to 40 - 60 
cmH 2 0. Again, the values can be higher or lower de- 

45 pending on the specific circumstances at hand. Control 
parameters for the recruiting manoeuvre can be pre- 
programmed, calculated by the control unit 30 or en- 
tered by the operator. Other recruiting manoeuvres can 
also be used. 

so [0069] After the recruiting manoeuvre(s) stress index 
is again determined and compared with the predefined 
interval. Should the stress index be lower or even within 
the interval (but not optimal), the control unit 30 will con- 
trol the second gas regulator 26 to increase PEEP 

55 again. 

[0070] Another recruiting manoeuvre or manoeuvres 
is then supplied, followed by new determination of stress 
index. 
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[0071] This procedure of recruiting manoeuvre(s) and 
increase of PEEP value continues until stress index ex- 
ceeds the upper limit of the predefined interval. This 
means that the lung has been fully recruited and can be 
regarded as fully open. 

[0072] The fourth phase aims at reaching a proper 
setting for PEER The control unit 30 therefore controls 
the apparatus 4 to decrease PEEP, while determining 
stress index. When stress index falls within the interval, 
the settings regarding PEEP are essentially optimised. 
[0073] Since the lungs are open, Fi0 2 can be lowered. 
A proper decrease of Fi0 2 is made when saturation of 
oxygen is decreased by 1-2%. A meter for saturation 
and, if required, other patient data is indicated with ref- 
erence numeral 44 in FIG. 2. The decrease can be per- 
formed by the operator or by the control unit 30 (requir- 
ing access to saturation measurements). 
[0074] When the operator wishes to select another 
respiration mode, the control unit 30 can display the de- 
termined no stress setting on the display 36 as a sug- 
gestion to the operator. 

[0075] Similar procedure can of course be performed 
when the profile of the P-t relationship is analysed in 
other ways (as described in connection with the method 
according to the invention). The profile will inevitably dis- 
play convexity when there is a risk for overdistension 
and concavity when alveolar units are being opened. 
[0076] Although not explicitly mentioned above, the 
breathing apparatus can of course be constructed or 
adapted to perform or carry out any function known to 
persons skilled in the art. 



Claims 

1 . Method for assessing pulmonary stress, wherein a 
flow of respiratory gas is supplied to the lungs of a 
subject, an ensuing pressure is measured in rela- 
tion to time and the pressure-time (P-t) relationship 
is analysed, characterised in that the analysis 
comprises the method step of determining the pro- 
file of the pressure-time (P-t) relationship. 

2. Method according to claim 1 , characterised in that 
the determination of the profile comprises determi- 
nation of convexity/concavity of the profile. 

3. Method according to claim 1 or 2, characterised in 
that the determination of the profile comprises the 
step of adopting the pressure-time (P-t) relationship 
to the power equation P ao =a*t*»-i-c I and at least de- 
termining the constant b as a determinant for the 
profile, whereby the profile is concave if b<1 , corre- 
sponding to an increase in compliance, the profile 
is straight if b=1 . corresponding to a constant com- 
pliance and the profile is convex if b>1 , correspond- 
ing to a reduction in compliance. 



10 

4. Method according to claim 1 or 2, characteris d in 
that the determination of the profile comprises the 
step of adopting the pressure-time (P-t) relationship 
to the polynominal equation P ao =a+P*t+y*t 2 , and at 

5 least determining the constant y as a determinant 
for the profile, whereby the profile is concave if y<0, 
corresponding to an increase in compliance, the 
profile is straight if y=0, corresponding to a constant 
compliance and the profile is convex if y>0, corre- 

10 sponding to a reduction in compliance. 

5. Method according to any of the preceding claims, 
characterised in that the determination of the pro- 
file is made on a breath -by-breath basis. 

15 

6. Method according to any of the claims 1 to 4, char- 
acterised in that the determination of the profile is 
made on an average over a plurality of breaths. 

20 7. Breathing apparatus comprising at least one gas 
regulator for regulating a respiratory gas flow, at 
least one pressure gauge and a control unitforcon- 
trolling the gas regulator based on set control pa- 
rameters and for establishing a pressure-time (P-t) 

25 relationship, characterised in that the control unit 
is adapted to perform the method according to any 
of the claims 1-6. 

8. Breathing apparatus according to claim 7, wherein 
30 the control unit is adapted to perform the method 
according to any of claims 3 and 4 or any of claims 
5 and 6 in combination with any of claims 3 and 4, 
characterised in that the control unit is further 

adapted to compare the-determined constant"(b^or~ 

35 y) with a predefined interval and establish that if the 
determined constant (b or y) is within the predefined 
interval a minimum of pulmonary stress of a sub- 
jects lungs is present, if the determined constant (b 
or y) is below the predefined interval pulmonary 
40 stress due to alveolar opening and closing is 
present and if the determined constant (b or y) is 
above the predefined interval alveolar overdisten- 
sion is present. 

45 9. Breathing apparatus according to claim 8, charac- 
terised in that the predefined interval for the deter- 
mined constant b consists of a lower limit between 
0,5 and 0,95 and an upper limit between 1 ,05 and 
1,5. 

50 

10. Breathing apparatus according to any of the claims 
7 to 9, characterised in that the apparatus further 
comprises a display unit for displaying information 
to an operator pertaining to the operation of the ap- 
55 paratus and an alarm unit and in that the control 
means is adapted to perform at least one of the fol- 
lowing actions based on the determination of the 
profile of the pressure-time (P-t) relationship: gen- 
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erating an alarm on the alarm unit; generating a 
warning on the display unit that pulmonary stress is 
present; determining a change in at least one con- 
trol parameter; displaying the determined change 
on the display unit; automatically re-setting the con- 
trol parameters according to the determined 
change; displaying a recommendation for recruiting 
manoeuvres on the display unit; and automatically 
performing recruiting manoeuvres. 

11. Breathing apparatus according to claim 8, charac- 
terised in that the control parameter relates to one 
of the following: Positive End Expiratory Pressure 
(PEEP), fraction of oxygen in the respiratory gas 
(Fi0 2 ) and tidal volume (V T ). 

12. Breathing apparatus according to claim 10 or 11, 
characterised in that the control unit is adapted to 
determine the change in control parameter based 
on the determined profile of the pressure-time (P-t) 
relationship. 



14. Breathing apparatus according to claim 13, char- 
act rised in that the apparatus comprises an oper- 
ator interface the initial tidal volume, initial respira- 
tory rate, initial inspiratory time in relation to total 
respiration cycle time, initial oxygen fraction and in- 
itial PEEP value can be entered to the control unit 
via an operator interface. 



w 
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20 



13. 



Breathing apparatus comprising at least a first gas 
regulator and a second gas regulator for regulating, 
a respiratory gas flow, at least one pressure gauge 
and a control unit for controlling the gas regulator 
based on set control parameters and for establish- 
ing a pressure-time (P-t) relationship, character- 
ised in that the control unit is adapted to perform 
the following actions: during a first phase control the 
first gas regulator and second gas regulator to pro- 
vide respiration cycles having an initial tidal volume, 
an initial respiratory rate, an initial inspiratory time 
*in"relation"to"totarrespiration"cycletime7 a"constant~ 
inspiratory gas flow, an initial oxygen fraction and 
an initial PEEP value; during a second phase con- 
trol the first gas regulator and second gas regulator 
to provide a progressive increase of the initial PEEP 
value, perform the method according to, compare 
the constant (b or y) with a predefined interval and 
when the constant (b or y) falls within the predefined 
interval proceed to the next phase; during a third 
phase control the first gas regulator and second gas 
regulator to provide at least one recruiting maneu- 
ver having a specific inflation pressure and inflation 
time, determine the constant (b or y), compare the 
constant (b or y) with the predefined interval and if 
the constant (b or y) falls below the predefined in- 
terval provide a further progressive increase of the 
PEEP value and repeat the at least one recruiting 
maneuver until the constant (b ory) falls above the 
predefined interval, whereupon the next phase can 
be commenced; during a fourth phase determine 
the constant (b ory), compare the constant (b ory) 
with the predefined interval and control the first gas 
regulator and second gas regulator to provide a pro- 
gressive decrease in the PEEP value, until the con- 
stant (b ory) falls within the predefined interval. 
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(57) A method for assessing pulmonary stress, 
wherein a flow of respiratory gas is supplied to the lungs 
of a subject, an ensuing pressure is measured in relation 
to time and the pressure-time (P-t) relationship is ana- 
lysed is disclosed. The method is characterised in that 
the analysis comprises the method step of determining 



the profile of the pressure-time (P-t) relationship. In 
short, the profile is straight (2A) when no stress is 
present, convex (2B) when there is a risk for overdisten- 
sion and concave (2C) when alveolar units are opened 
up. Implemented in a breathing apparatus the method 
can be used to assist an operator in diagnostic and ther- 
apeutic considerations in relation to a patient. 
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